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Abstract
We construct the (bosonic) effective worldvolume action of an M-
theory Kaluza–Klein monopole in a background given by the bosonic
sector of eleven–dimensional massive supergravity, i.e. a “massive Ka-
luza–Klein monopole”. As a consistency check we show that the direct
dimensional reduction along the isometry direction of the Taub–NUT
space leads to the massive D-6-brane. We furthermore perform a dou-
ble dimensional reduction in the massless case and obtain the effective
worldvolume action of a Type IIA Kaluza–Klein monopole.
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1
Introduction
It is well-known that a classification of worldvolume (scalar, vector and ten-
sor) multiplets leads to the brane scans for p-branes, D-branes and M-branes.
On the other hand, requiring that branes in different dimensions are related to
each other via (direct or double) dimensional reduction leads one to include
gravitational waves and Kaluza–Klein (KK) monopoles [1] as well. These
objects are missing in the standard brane scans which are based upon the
so-called Bose–Fermi matching conditions. For the gravitational waves the
reason is simply that their effective action is given by a one-dimensional field
theory [2] and for such low–dimensional systems the Bose–Fermi matching
conditions do not apply.
It turns out that the worldvolume action of a d–dimensional KK–monopole
corresponds to a (d − 5)–dimensional field theory [3] and for such case the
Bose–Fermi matching conditions do apply. A natural question to ask is then
why is the KK–monopole missing in the standard brane scans? As discussed
in [3], a special feature of the KK–monopole is that one of its four transverse
directions corresponds to the isometry direction in the Taub-NUT space of
the monopole4. Since the monopole cannot move in this direction one should
not associate a physical worldvolume scalar to it. On the other hand, given
the fact that a monopole is a (d− 5)–brane one cannot use the worldvolume
diffeomorphisms to gauge away this unphysical scalar. In order to write down
a Lorentz–covariant action one therefore needs a new mechanism to eliminate
unphysical worldvolume scalars. We proposed in [2] that the effective action
of the Heterotic KK–monopole corresponds to a gauged sigma model [4] with
a gauging in the isometry direction of the Taub–NUT space. The effect of
this gauging is to eliminate the unwanted scalar.
The purpose of this letter is to extend the results of [2] (for other par-
tial results on the KK–monopole see [5]) to the Type IIA and M–theory
KK–monopoles. For these cases the additional feature arises that the KK–
monopole may move in a background with a non–zero cosmological constant
proportional to m2 with m a mass parameter. Branes moving in such a back-
ground are called “massive branes”. Their properties have been investigated
in [6] (for earlier results on massive branes, see [7]). It turns out that eleve–
dimensional massive branes are described by a gauged sigma model with the
4For d = 11, a direct dimensional reduction over this isometry direction leads to the
D-6-brane. This does not imply that the M–theory KK–monopole is equivalent to the ten–
dimensional D-6-brane. The difference is that the D-6-brane is a singular object moving
in ten dimensions whereas the M–theory KK–monopole is a nonsingular object defined in
eleven dimensions (of which one is compact). We thank Paul Townsend for pointing this
out to us.
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gauge coupling constant proportional to m. This letter extends the work of
[6] to the case of the massive M-theory KK–monopole 5.
At this point an obvious question arises. On the one hand, it follows
from [2] that the massless M–theory KK–monopole is described by a gauged
sigma model. On the other hand, the work of [6] suggests that in order to
put the M–theory KK–monopole in a massive background we again have to
use a gauged sigma model. In order to reproduce the massive D-6-brane it is
clear that in both cases the gauging must be done in the isometry direction
of the Taub–NUT space. However, we can only gauge a given isometry
direction once! The resolution of this apparent puzzle is as follows. In a first
stage, in order to describe the massless M–theory KK–monopole we gauge
the isometry direction using a dependent6 worldvolume gauge field Aˆ(1) with
gauged isometry parameter σˆ(0), see eqs. (1.5) and (1.8). We remind that in
order to put the M-wave, M-2-brane and M-5-brane in a massive background
we used a gauging with an independent gauge field bˆ [6]. In the case of
the M–theory KK–monopole, it turns out that the dependent worldvolume
field Aˆ(1), when put in a massive background, has exactly the same massive
transformation as the independent worldvolume field bˆ we introduced for the
other branes. Therefore the dependent field Aˆ(1) takes over the role of the
independent field bˆ.
Although in this sense the gauge field bˆ is not needed to put the KK–
monopole in a massive background, it turns out that the worldvolume action
of the monopole already contains this field, even in a massless background.
Whereas for the other branes it is an auxiliary field needed to put the brane
in a massive background, in the case of the M–theory KK–monopole it plays
the role of a propagating Born–Infeld (BI) field.
Usually, a propagating worldvolume field describes the flux of another
brane. For instance, the BI 1–form in the D-brane worldvolume action de-
scribes the flux of a fundamental string and the self–dual 2–form in the M-5-
brane worldvolume action describes the flux of an M-2-brane7. At this point
a puzzle arises because the 1–form field bˆ appearing in the KK–monopole
action describes the flux of a 1–brane and no such brane is known to exist in
5For some recent work on KK–monopoles, see e.g. [8].
6In case the Wess-Zumino (WZ) term is ignored there is an alternative formulation of
the gauged sigma model using an independent worldvolume gauge field [2]. However, in
the presence of a WZ term the two formulations are not equivalent and one must use the
formulation with the dependent gauge field.
7The same worldvolume fields also play a role in the construction of worldvolume
solitons. For instance, the BI 1–form corresponds to a 0–brane soliton and the self–
dual 2–form is used in constructing the self–dual string on the M-5-brane worldvolume.
Worldvolume solitons for the KK–monopole action have been considered in [9] recently.
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M–theory. The resolution to this puzzle is that in fact the 1–form bˆ describes
the flux of a wrapped M-2-brane. One way to see this is to observe that an
M-2-brane can only intersect with an M–theory KK–monopole over a 0-brane
such that one of the worldvolume directions of the M-2-brane coincides with
the isometry direction z of the Taub-NUT space [10]8:
(0|M2,KK) =
{ × × − − × − − − − − −
× − − − z × × × × × ×
A compactification of this intersection along the z–direction gives the
(0|F1, D6) configuration. The reduction of bˆ leads in this case to the BI field
of the D-6-brane describing the tension of the F1 fundamental string.
The organization of this letter is as follows. In Section 1 we present the
worldvolume action of the massive M–theory KK–monopole. As a consis-
tency check we verify in Section 2 that the direct reduction of this action
along z gives the action of the massive D-6-brane. Next, in Section 3 we
perform a double dimensional reduction of the M–theory KK–monopole and
obtain the action of the Type IIA KK–monopole. We perform this double
dimensional reduction only for the massless case leaving the (more involved)
massive case for a future publication. Finally, in Section 4 we present our
conclusions.
1 The Action
Before presenting the (bosonic) worldvolume action of the massive M–theory
KK–monopole, it is useful to first summarize the worldvolume and target
space fields that are involved in the construction of this action. We first
discuss the worldvolume fields. Since the monopole in 11 dimensions behaves
like a 6–brane and breaks half of the supersymmetry, it must correspond,
after gauge fixing, to a 7–dimensional multiplet [3]. The natural candidate
is the vector multiplet involving 3 scalars and 1 vector. As discussed in
the introduction, the embedding coordinates describe 11 − 7 = 4 degrees
of freedom and one must eliminate a further scalar by gauging an isometry
of the background. Besides scalars and a vector, we also introduce a non-
propagating worldvolume 6-form that describes the tension of the monopole9.
8 We use here a notation where a ×(−) indicates a worldvolume (transverse) direction.
The z–direction corresponds to the isometry direction of the Taub–NUT space and the
first × in a row indicates the time direction.
9The same 6-form field occurs in the massive M-5-brane action. In that case it leads to
the spontaneous creation of a KK–monopole whenever an M-5-brane crosses an M-9-brane
[6].
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The resulting worldvolume field content of the KK–monopole is summarized
in Table 1.
Worldvolume Gauge Field ♯ of
Field Parameter Strength d.o.f
Xˆ µˆ 11− 7− (1) = 3
bˆıˆ ρˆ
(0) Fˆıˆˆ 7− 2 = 5
ωˆ
(6)
ıˆ1...ˆı6
ρˆ(5) Kˆ(7)ıˆ1...ˆı7 −
Table 1: Worldvolume Fields. In this table we give the worldvolume fields,
together with their gauge parameters, field strengths and number of degrees of freedom,
that occur in the worldvolume action of the massive M–theory KK–monopole. The world-
volume scalars Xˆ µˆ are the embedding coordinates, bˆ is a BI 1-form and ωˆ(6) is a non
propagating 6-form that describes the tension of the monopole. Due to the gauging the
embedding scalars describe 3 and not 4 degrees of freedom as indicated in the table.
We next discuss the target space fields. The target space background
corresponds to massive 11-dimensional supergravity [6], which has the same
field content as the massless 11-dimensional supergravity theory (see Table
2). The massive background has an isometry generated by a Killing vector
kˆµˆ, such that the Lie derivative of all target space fields and gauge parameters
with respect to kˆ vanish10:
LkˆCˆ = Lkˆχˆ = . . . = 0 . (1.1)
Notice that in the massive case the gauge transformation rules of the target
space fields contain extra terms proportional to a mass parameter m.
We proceed by presenting the (bosonic) action for the massive M–theory
KK–monopole:
Sˆ[Xˆ µˆ, bˆıˆ] = −Tˆ
∫
d7ξ kˆ2
√
|det(DıˆXˆ µˆDˆXˆ νˆ gˆµˆνˆ + (2πα′)kˆ−1Fˆıˆˆ)|
+ 1
7!
(2πα′)Tˆ
∫
d7ξ ǫıˆ1...ˆı7 Kˆ(7)ıˆ1...ˆı7 .
(1.2)
10 We use the following notation for the hats. Hats on target space fields and indices
indicate they are 11-dimensional. Absence of hats indicates they are 10-dimensional.
Furthermore, we use hats for the worldvolume fields of branes in 11 dimensions and no
hats for the worldvolume fields of branes in 10 dimensions. Finally, we use hats for
worldvolume indices ıˆ if the dimension of the worldvolume is 6+1 and no hats for a 5+1
dimensional worldvolume.
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Target space Gauge
Field Parameter
gˆµˆνˆ
Cˆµˆνˆρˆ χˆµˆνˆ
(ikˆCˆ)µˆνˆ (ikˆχˆ)µˆ
ˆ˜
C µˆ1...µˆ6
ˆ˜χµˆ1...µˆ5
(ikˆ
ˆ˜
C)µˆ1...µˆ5 (ikˆ
ˆ˜χ)µˆ1...µˆ4
ˆ˜
N µˆ1...µˆ8 Σˆµˆ1...µˆ7
(ikˆ
ˆ˜
N)µˆ1...µˆ7 (ikˆΣˆ)µˆ1...µˆ6
Table 2: Target Space Fields. This table shows the 11-dimensional target space
fields together with their gauge parameters. We also include the contractions with the
Killing vector kˆµˆ, denoted by (i
kˆ
Sˆ) for a given field Sˆ. The field ˆ˜C is the Poincare´ dual
of Cˆ and ˆ˜N is the Poincare´ dual of the Killing vector, considered as a 1-form kˆµˆ.
We use the following notation. First of all, kˆ2 = −kˆµˆkˆνˆ gˆµˆνˆ . The field–
strength Fˆ of the BI 1–form bˆ is defined by11
Fˆ = 2∂bˆ+ 1
2πα′
∂Xˆ µˆ∂Xˆ νˆ(ikˆCˆ)µˆνˆ , (1.3)
where (ikˆCˆ) is the contraction of the field Cˆ with kˆ. The covariant derivative
is given by
DıˆXˆ
µˆ = ∂ıˆXˆ
µˆ + Aˆ
(1)
ıˆ kˆ
µˆ , (1.4)
where the gauge field Aˆ(1) is a dependent field given by
Aˆ
(1)
ıˆ = kˆ
−2∂ıˆXˆ
µˆkˆµˆ . (1.5)
Finally, Kˆ(7) is the field strength of the non propagating worldvolume 6-form
11 We omit the wordvolume indices. It is understood that the expression is completely
antisymmetrized in these indices. We use this notation throughout the paper.
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ωˆ(6):
Kˆ(7) = 7
{
∂ωˆ(6) − 1
7(2πα′)
(ikˆ
ˆ˜
N) + 3(ikˆ
ˆ˜
C)Fˆ
− 5
2πα′
DXˆ µˆDXˆ νˆDXˆ ρˆCˆµˆνˆρˆ(ikˆCˆ)(ikˆCˆ)
−30DXˆ µˆDXˆ νˆDXˆ ρˆCˆµˆνˆρˆ(ikˆCˆ)∂bˆ
−60(2πα′)DXˆ µˆDXˆ νˆDXˆ ρˆCˆµˆνˆρˆ∂bˆ∂bˆ
−120(2πα′)2Aˆ(1)∂bˆ∂bˆ∂bˆ − 15m(2πα′)3bˆ∂bˆ∂bˆ∂bˆ
}
.
(1.6)
Notice that we write explicitly the pullbacks only when covariant derivatives
are used.
The full action is invariant under worldvolume gauge transformations
(see Table 1), target space gauge transformations (see Table 2) and local
isometry transformations (with parameter σˆ(0)) as given below. The gauge
transformations of the worldvolume fields are given by:
δXˆ µˆ = −σˆ(0)kˆµˆ ,
δbˆ = ∂ρˆ(0) − 1
2πα′
(ikˆχˆ) ,
δωˆ(6) = 6∂ρˆ(5) + 1
2πα′
(ikˆΣˆ)− 30bˆ∂(ˆıkˆ ˆ˜χ)
−180(2πα′)∂χˆbˆ∂bˆ− 120(2πα′)2∂σˆ(0) bˆ∂bˆ∂bˆ
−45m(2πα′)2(ikˆχˆ)bˆ∂bˆ∂bˆ − 15m(2πα′)3∂ρˆ(0) bˆ∂bˆ∂bˆ .
(1.7)
The dependent gauge field Aˆ(1) transforms as
δAˆ(1) = ∂σˆ(0) +
m
2
(ikˆχˆ) . (1.8)
Note that ωˆ(6) transforms both under σˆ(0) and ρˆ(0). Only if we identify the
two parameters
σˆ(0) = −m
2
(2πα′)ρˆ(0) , (1.9)
the transformation rule of ωˆ(6) coincides with the one given in [6] where it
occurred in the coupling to a massive M-5-brane. We deduce that the ωˆ(6)
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describing the monopole tension actually has more symmetries than when it
is coupled to a massive M-5-brane. The reason for this is that in the case
of the M-5-brane the gauge transformation of bˆ is identified with the gauged
isometry parameter.
Finally, the gauge transformations of the target space fields are given by:
δgˆµˆνˆ = −m(ikˆχˆ)(µˆ(ikˆgˆ)νˆ) − σˆ(0)kˆλˆ∂λˆgˆµˆνˆ ,
δCˆµˆνˆρˆ = 3∂[µˆχˆνˆ ρˆ] − 32m(ikˆχˆ)[µˆ(ikˆCˆ)νˆρˆ] − σˆ(0)kˆλˆ∂λˆCˆµˆνˆρˆ ,
δ(ikˆCˆ)µˆνˆ = 2∂[µˆ(ikˆχˆ)νˆ] − σˆ(0)kˆλˆ∂λˆ(ikˆCˆ)µˆνˆ ,
δ(ikˆ
ˆ˜
C)µˆ1...µˆ5 = 5∂[µˆ1(ikˆ
ˆ˜χ)µˆ2...µˆ5] + 15∂[µˆ1χˆµˆ2µˆ3(ikˆCˆ)µˆ4µˆ5]
−10Cˆ[µˆ1µˆ2µˆ3∂µˆ4(ikˆχˆ)µˆ5] − σˆ(0)kˆλˆ∂λˆ(ikˆ ˆ˜C)µˆ1...µˆ5 ,
δ(ikˆ
ˆ˜
N)µˆ1...µˆ7 = 7
{
∂[µˆ1(ikˆΣˆ)µˆ2...µˆ7] + 15∂[µˆ1(ikˆ
ˆ˜χ)µˆ2...µˆ5(ikˆCˆ)µˆ6µˆ7]
+30∂[µˆ1χˆµˆ2µˆ3(ikˆCˆ)µˆ4µˆ5(ikˆCˆ)µˆ6µˆ7]
−20Cˆ[µˆ1µˆ2µˆ3(ikˆCˆ)µˆ4µˆ5∂µˆ6(ikˆχˆ)µˆ7]
}
− σˆ(0)kˆλˆ∂λˆ(ikˆ ˆ˜N)µˆ1...µˆ7 .
2 Direct Dimensional Reduction
As a consistency check on the monopole action presented in the previous
Section we perform a direct dimensional reduction along the direction as-
sociated to the isometry of the Taub-NUT space. It is convenient to use
adapted coordinates kˆµˆ = δµˆz. The embedding scalars then split
Xˆµ = Xµ , Xˆz = Z , (2.1)
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and the background fields reduce as follows12:
gˆµν = e
−
2
3
φgµν − e 43φC(1)µ C(1)ν ,
gˆµz = −e 43φC(1)µ ,
(ikˆ
ˆ˜
C)µ1...µ5 = C
(5)
µ1...µ5
− 5C(3)[µ1µ2µ3Bµ4µ5] ,
(ikˆ
ˆ˜
N)µ1...µ7 = C
(7)
µ1...µ7
− 5 · 7C(3)[µ1µ2µ3Bµ4µ5Bµ6µ7] .
gˆzz = −e 43φ ,
Cˆµνρ = C
(3)
µνρ ,
(ikˆCˆ)µν = Bµν ,
Similarly, the reduction rules of the gauge parameters are given by
(ikˆ
ˆ˜χ)µ1...µ4 = Λ
(4)
µ1...µ4
,
χˆµν = Λ
(2)
µν ,
(ikˆχˆ)µ = Λµ ,
(ikˆΣˆ)µ1...µ6 = Λ
(6)
µ1...µ6
.
(2.2)
Besides these gauge parameters, we include as well the gauge parameter Λ(0)
associated to the KK vector C(1).
Concerning the worldvolume fields, the BI field bˆ reduces as
bˆıˆ = bıˆ . (2.3)
Furthermore, we have
Aˆ
(1)
ıˆ = −C(1)ıˆ − ∂ıˆZ , DıˆXˆz = −C(1)ıˆ , DıˆXˆµ = ∂ıˆXµ . (2.4)
Substituting the above reduction rules into the kinetic term of the monopole
action one gets the usual kinetic term for D-branes
kˆ2
√
|det(DıˆXˆ µˆDˆXˆ νˆ gˆµˆνˆ + (2πα′)kˆ−1Fˆıˆˆ)| =
e−φ
√
|det(∂ıˆXµ∂ˆXνgµν + (2πα′)Fıˆˆ)| ,
(2.5)
where
F = 2∂b+ 1
2πα′
B (2.6)
is the BI curvature.
We next discuss the reduction of ωˆ(6). Since the KK–monopole reduces to
the D-6-brane it is expected that ωˆ(6) will reduce to the field c(6) describing
12We use the notation and conventions of [6].
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the tension of the D-6-brane. The gauge transformations of c(6) are given by
[6]:
δc(6) = 6∂κ(5) − 1
2πα′
Λ(6) + 30Λ(4)∂b− 180(2πα′)Λ(2)∂b∂b
+120(2πα′)2Λ(0)∂b∂b∂b − 15m(2πα′)3ρ(0)∂b∂b∂b
+45m(2πα′)2Λb∂b∂b .
(2.7)
We find the following reduction rule for ωˆ(6)13
ωˆ(6) = −c(6) + 120(2πα′)2∂Zb∂b∂b . (2.8)
Making use of the above reduction rules we find that, after direct reduction,
the coordinate Z disappears from the action and we obtain the action of a
massive D6-brane :
S[Xµ, bıˆ] = −Tˆ
∫
d7ξ e−φ
√
|det(g + (2πα′)F)|
− 1
7!
(2πα′)Tˆ
∫
d7ξ ǫıˆ1...ˆı7G(7)ıˆ1...ˆı7 .
(2.9)
Here G(7) is the curvature of the worldvolume field c(6):
G(7) = 7
{
∂c(6) + 1
7(2πα′)
C(7) − 3C(5)F + 15(2πα′)C(3)FF
−15(2πα′)2C(1)FFF + 15m(2πα′)3b∂b∂b∂b
}
.
(2.10)
The gauge transformations of the worldvolume and target space fields coupled
to the D-6-brane can be found, for instance, in [6].
3 Double Dimensional Reduction
In this Section we perform the double dimensional reduction of the M-theory
KK-monopole given in Section 1. As a result we will obtain the action of
the Type IIA KK–monopole. We consider only the massless case14, i.e. our
starting point is the action (1.2) with m = 0. In order to perform the
double dimensional reduction, we must introduce an extra isometry for the
13 This reduction rule coincides with the one given in [6] provided we make the identi-
fication (1.9) and rename Z = (2piα′)c(0).
14For a discussion of the massive case, see the Conclusions.
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background, generated by a Killing vector hˆ, and then wrap one direction of
the monopole, ξˆ6, around this new compact direction:
∂6Xˆ
µˆ = hˆµˆ . (3.1)
We have now two different isometries, one is given by hˆ, which is in a direction
tangent to the worldvolume, and the other one is given by kˆ, in a direction
transverse to the worldvolume. For the action (1.2) to be invariant under
both isometries we must require that Lhˆkˆ = 0. Moreover, this implies that
we can find a coordinate system adapted to both isometries15: hˆµˆ = δµˆy,
kˆµˆ = δµˆz. Splitting the embedding coordinates as Xˆ µˆ = (Xµ, Y ) we find the
gauge-fixing condition:
Y = ξˆ6 . (3.2)
In this double dimensional reduction the Killing vector kˆ becomes, after
reduction, the Killing vector associated to the isometry of the Taub-NUT
space of the IIA KK-monopole:
kˆy = 0 , kˆµ = kµ . (3.3)
We use the following reduction rules for the background fields:
gˆµν = e
−
2
3
φgµν − e 43φC(1)µ C(1)ν ,
gˆµy = −e 43φC(1)µ ,
gˆyy = −e 43φ ,
(ikˆ
ˆ˜
N)µ1...µ6y = −(ikN˜)µ1...µ6 ,
ˆ˜
Cµ1...µ5y = C
(5)
µ1...µ5
− 5C(3)[µ1µ2µ3Bµ4µ5] ,
(ikˆ
ˆ˜
C)µ1...µ4y = −(ikC(5))µ1...µ4 + 3(ikC(3))[µ1µ2Bµ3µ4] + 2C(3)[µ1µ2µ3(ikB)µ4] ,
Cˆµνρ = C
(3)
µνρ ,
Cˆµνy = Bµν ,
(ikˆCˆ)µy = −(ikB)µ ,
ˆ˜
Cµ1...µ6 = −B˜µ1...µ6 ,
where ˆ˜N reduces to N˜ , the Poincare´ dual of the Killing vector, considered as
a 1-form kµ. Similarly, the reduction rules of the gauge parameters are given
15Notice, that the usage of the adapted coordinates does not imply that kˆµˆhˆνˆ gˆµˆνˆ = 0.
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by
ˆ˜χµ1...µ5 = −Λ˜µ1...µ5 ,
ˆ˜χµ1...µ4y = Λ
(4)
µ1...µ4
,
(ikˆ
ˆ˜χ)µ1...µ3y = −(ikΛ(4))µ1...µ3 ,
(ikˆ
ˆ˜Σ)µ1...µ5y = −(ikΣ(6))µ1...µ5 .
χˆµy = Λµ ,
(ikˆχˆ)y = (ikΛ) ,
(ikˆχˆ)µ = (ikΛ
(2))µ .
(3.4)
We now turn to the reduction of the gauge field Aˆ(1). Using the reduction
rules given above one obtains:
Aˆ
(1)
i =
(
1 + e2φk−2(ikC
(1))2
)
−1 (
A
(1)
i − e2φk−2C(1)i (ikC(1))
)
,
Aˆ
(1)
6 = −
(
1 + e2φk−2(ikC
(1))2
)
−1
e2φk−2(ikC
(1)) ,
(3.5)
where k2 = −kµkνgµν and the field A(1) has been defined as the dependent
gauge field associated to the gauged isometry of the Type IIA KK–monopole:
A
(1)
i = k
−2∂iX
µkµ . (3.6)
The covariant derivative is defined by
DXµ = ∂Xµ + A(1)kµ . (3.7)
Concerning the worldvolume fields, the 1-form bˆ gives rise to a scalar and
a 1-form, and the 6-form ωˆ(6) reduces to a 5-form ω(5) describing the tension
of the IIA KK–monopole:
bˆi = ω
(1)
i , bˆ6 = ω
(0) , ωˆ
(6)
i1...i56 = ω
(5)
i1...i5
. (3.8)
Using the above reduction rules in the action of the massless M–theory
KK–monopole, we find the following action of a massless Type IIA KK–
monopole:
S[Xµ, ω(0), ω(1)] = −T ∫ d6ξ e−2φk2√1 + e2φk−2(ikC(1))2×
×
√
|det(DiXµDjXνgµν − (2πα′)2k−2K(1)i K(1)j + (2πα
′)k−1eφ√
1+e2φk−2(ikC(1))2
K(2)ij )|
+ 1
6!
(2πα′)T
∫
d6ξ ǫi1...i6K(6)i1...i6 .
(3.9)
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Here T is the tension of the Type IIA KK–monopole, which is related to the
tension of the M–theory KK–monopole by:
T = Tˆ
∫
S1
dξˆ6 . (3.10)
The 1-form K(1) is the field strength of the scalar ω(0)
K(1) = ∂ω(0) − 1
2πα′
(ikB) , (3.11)
and the field strength K(2) of the 1-form ω(1) is given by
K(2) = 2∂ω(1) + 1
2πα′
(ikC
(3))− 2K(1)
(
C(1) + (ikC
(1))A(1)
)
. (3.12)
Finally, K(6) is the field strength of the non propagating worldvolume 5-form
ω(5):
K(6) =
{
6∂ω(5) + 1
2πα′
(ikN˜)− 30(ikC(5))∂ω(1) − 152πα′ (ikC(5))(ikC(3))
−6(ikB˜)K(1) − 120(2πα′)DXµDXνDXρC(3)µνρK(1)∂ω(1)
+ 30
2πα′
DXµDXνBµν(ikC
(3))(ikC
(3))
+ 50
2πα′
DXµDXνDXρC(3)µνρ(ikB)(ikC
(3))
−30DXµDXνDXρC(3)µνρ(ikC(3))∂ω(0)
−180(2πα′)DXµDXνBµν∂ω(1)∂ω(1)
−360(2πα′)2A(1)∂ω(1)∂ω(1)∂ω(0)
+15(2πα′)2 e
2φk−2(ikC
(1))
1+e2φk−2(ikC(1))2
K(2)K(2)K(2)
}
,
(3.13)
where again, we are writing the pullbacks explicitly only when covariant
derivatives are used.
The action is invariant under (massless) gauge transformations and the
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gauged isometry. The transformations for the worldvolume fields are:
δXµ = −σ(0)kµ
δω(0) = 1
2πα′
(ikΛ) ,
δω(1) = ∂ρ(0) − 1
2πα′
(ikΛ
(2)) + ∂Λ(0)ω(0) ,
δω(5) = 5∂ρ(4) − 1
2πα′
(ikΣ
(6))− 5∂(ikΛ˜)ω(0) + 20ω(1)∂(ikΛ(4))
−30(2πα′)∂Λ(2)(ω(1)∂ω(0) + ∂ω(1)ω(0))
+60(2πα′)ω(1)∂ω(1)∂Λ + 60(2πα′)2σ(0)∂ω(1)∂ω(1)∂ω(0) ,
(3.14)
whereas that of the target space field (ikN˜) is given by:
δ(ikN˜) = 6∂(ikΣ
(6)) + 60(ikC
(3))∂(ikΛ
(4))− 30∂(ikΛ˜)(ikB)
−60(ikC(3))(ikC(3))∂Λ + 120∂Λ(2)(ikC(3))(ikB)
+60(ikC
(3))∂(ikΛ
(2))B − 40C(3)∂(ikΛ(2))(ikB)
−20C(3)(ikC(3))∂(ikΛ)− σ(0)kλ∂λ(ikN˜) .
(3.15)
The transformations of the other target space fields can be found in [6].
Notice that the truncation of the action (3.9) by setting the RR fields
and ω(1) to zero leads to the action of the Heterotic KK-monopole given in
[11].
4 Conclusions
In this paper we have presented the worldvolume action of the massive M–
theory KK–monopole. We find that the action is given by a gauged sigma-
model. This agrees with the results of [6] where the effective actions of
massive branes where generally shown to be described by gauged sigma-
models.
A new feature that arises is that the M–theory KK–monopole action is
already given by a gauged sigma-model in the massless case. This gauging is
needed to effectively eliminate the Taub-NUT isometry coordinate [2]. We
find that the dependent gauge field that is needed for the gauging in the
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massless case transforms under the massive transformations such that the
massless gauged action can be made invariant under the massive transfor-
mations without the need to introduce an independent auxiliary gauge field.
Besides a dependent gauge field, the monopole action contains an indepen-
dent BI gauge field, which already occurs in the massless case. It turns out
that in the massive case extra terms proportional to the mass parameter m
need to be added to the WZ term. As a check on the action we have pre-
sented in this work, we have performed a direct dimensional reduction along
the Taub–NUT isometry direction and have obtained the massive D-6-brane.
We have as well performed a double dimensional reduction and obtained
the action of the Type IIA KK–monopole. We have performed this double di-
mensional reduction only for the massless case. In a forthcoming publication
we will perform the double dimensional reduction in the massive case and
present the massive Type IIA KK–monopole [12]. A new feature that arises
in the double dimensional reduction of the massive monopole is that we first
need to construct a massive monopole in which the isometry associated to
the mass is realized along a coordinate different from the Taub-NUT isom-
etry direction. We thus end up with an M–theory KK–monopole with two
gauged isometries. One isometry is the z–direction in the Taub–NUT space.
This isometry is already gauged in the massless case. The other isometry is
only gauged when the monopole is put in a massive background.
Finally, our results for the Type IIA monopole also lead, via T–duality,
to the worldvolume action of a Type IIB NS5–brane, which coincides with
that of a D-5-brane in a SL(2,Z)-transformed background, see [12]. In order
to work out this duality transformation it is necessary to first derive the set
of T-duality rules which apply to the different world-volume fields that need
to be introduced.
Acknowledgments
We would like to thank A. Achu´carro, J.M. Figueroa-O’Farrill, B. Janssen
and J.P. van der Schaar for useful discussions. E.E. thanks QMW college for
its hospitality. The work of E.B. is supported by the European Commission
TMR program ERBFMRX-CT96-0045, in which E.B. is associated to the
University of Utrecht. The work of E.E. is part of the research program of
the ”Stichting FOM”. The work of Y.L. is supported by a TMR fellowship
from the European Commission.
References
15
[1] R.D. Sorkin, Phys. Rev. Letters (51) (1983) 87; D.J. Gross and
M. Perry, Nucl. Phys. B226 (1983) 29.
[2] E. Bergshoeff, B. Janssen and T. Ort´ın, Kaluza-Klein Monopoles and
Gauged Sigma-Models, Phys. Lett. B410 (1997) 132, hep-th/9706117.
[3] C.M. Hull, Gravitational Duality, Branes and Charges,
Nucl. Phys. B509 (1998) 216, hep-th/9705162.
[4] C.M. Hull and B. Spence, Nucl. Phys. 353 (1991) 379.
[5] Y. Imamura, Born-Infeld Action and Chern-Simons Term from
Kaluza–Klein Monopole in M–theory, Phys. Lett. B414 (1997) 242,
hep-th/9706144.
[6] E. Bergshoeff, Y. Lozano and T. Ort´ın, Massive Branes, to appear in
Nucl. Phys. B, hep-th/9712115.
[7] Y. Lozano, Eleven Dimensions from the Massive D-2-Brane,
Phys. Lett. B414 (1997) 52, hep-th/9707011; T. Ort´ın, A Note on
the D-2-Brane of the Massive IIA Theory and Gauged Sigma Models,
Phys. Lett. B415 (1997) 39, hep-th/9707113.
[8] A. Sen, Dynamics of Multiple KK–monopoles in M– and string theory,
hep-th/9707042; A. Hanany, G. Lifschytz, hep-th/9708037; I. Brun-
ner, A. Karch, Phys. Lett. B416(1998)67, hep-th/9707259; R. Gregory,
J.A. Harvey, G. Moore, Unwinding strings and T–duality of KK and H
monopoles, hep-th/9708086.
[9] G. Papadopoulos, T–duality and the Worldvolume Solitons of Five–
Branes and KK–Monopoles, hep-th/9712162.
[10] E. Bergshoeff, M. de Roo, E. Eyras, B. Janssen and J.P. van der
Schaar, Intersections involving monopoles and waves in eleven dimen-
sions, Class. Quantum Grav. 14 (1997) 2757, hep-th/9704120.
[11] B. Janssen, A T-duality approach to the gravitational wave and the
Kaluza-Klein monopole, to appear in the proceedings of ”Quantum
aspects of gauge theories, supersymmetry and unification”, Neuchatel
1997.
[12] E. Bergshoeff, E. Eyras, B. Janssen, Y. Lozano, T. Ort´ın, in preparation.
16
